Six patients (mean age 62.5 +-7.6 
Introduction
Dysregulation in brain systems involving the neurotransmitter serotonin (5-HT) has long been postulated in the pathophysiology of affective and other neuropsychiatric disorders (Coppen et al 1972; Van Praag 1977; Murphy et al 1978; Meltzer and Lowy 1987) . In particular, diminished serotonergic function has been proposed as playing a role in the development of depressive illness. Numerous studies involving cerebrospin~ fluid, platelet, neuroendocrine, and postmortem measurements have shown decreased 5-HT levels and turnover in depressed patients (Coppen and Doogan 1988) . In addition, many agents that enhance synaptic 5-HT function have antidepressant properties (Willner 1985) . Most pharmacological treatment strategies have beea aimed at general augmentation of central monoaminergic function. Recently, agents have been developed that may selectively alter 5-HT activity; these may prove to be particularly useful in certain psychiatric disorder subgroups (Traber and Glaser 1987; .
m-Chlorophenylpiperazine (m-CPP), a metabolite of the heterocyclic antidepressant trazodone, has been found to act as a direct 5-HT receptor agonist in both animals and humans (Fuller et al 1981; Mueller et al 1985a Mueller et al , 1986 ). Initially, m-CPP was thought to be a selective 5-HT~,~ agonist in humans; however, biochemical studies have shown an absence of 5-HTm receptors in human brain. Furthermore, m-CPP has recently been shown to bind with similar affinity for all 5-HT receptor subtypes that are present in human brain (Hamik and Peroutka 1989) . Recent animal studies (Kennett and Curzon 1988; Kennett et al 1989) suggest that some behavioral effects of m-CPP may involve stimulation of the 5-HT~c receptor subtype. During the past several years, the physiological, neuroendocrine, and behavioral responses to a single m-CPP dose (in the acute challenge strategy) have been used as indices of serotonergic responsivity in normal subjects as well as certain clinical populations (Mueller et al. 1985b; Murphy et al 1986 Murphy et al , 1989a Mellow et al 1988a) .
Although many data have accumulated on the acute effects of m-CPP, nothing is known of the effects of its chronic administration in humans. Fuller et al (198 i) onglnally suggested that m-CPP derived by metabolism from trazodone might contribute to the latter's antidepressant effect. In animal studies, m-CPP has been administered on a daily basis for 2 weeks and produced tolerance to the locomotor effects of a subsequent serotonergic challenge (Sills et al 1985) . In light of what is known of the role of serotonin in depression, and, in particular, as m-CPP afforded a novel means of directly altering 5-HT function, we instituted a pilot study in depressed patients to examine the possible behavioral effects of m-CPP when administered on a daily basis. We herein report our experience with the first six patients who received m-CPP in a double-blind, placebocontrolled trial. A preliminary version of this work has appeared in abstract form (Mellow et al 1988b) .
Methods
Six consecutive patients meeting DSM-III-R criteria (American Psychiatric Association 1987) for major depression were studied wl:ile inpatients on the NIMH Unit on Geriatric Psychopharmacology. All patients were screened to exclude any serious medical illness, and all were free of any other psychotropic drdgs and were maintained on a low monoamine diet for 3 weeks prior to and during the experimental drug trial, m-CPP or identical placebo capsules were administered orally under double-blind conditions. All nursing staff and at least one evaluating psychiatrist were blind to the treatment conditions throughout the study. Every patient received .~ 2-week placebo period, followed by a 2-week active drug period, followed by a crossover back to placebo for an additional 2 weeks (A-B-A design). Two patients (see below) received an additional drug and placebo period (A-B-A-B-A design). Active drug was given at a maximum dose of 80 mg/day, in divided doses (20 mg QID). This dose and regimen was chosen primarily on the basis of what we knew patients could tolerate in our previous acute challenge studies (Muelier et al 1986) . Hamilton Depression Rating Scales (HDRS) (Hamilton 1960) were completed weekly. Laboratory chemistries, including complete blood count (CBC), liver, kidney, and thyroid function tests, and urinalysis were monitored twice weekly. All patients gave informed consent, and received the drug under a protocol approved by the NIMH Intramural Clinical Research Subpanel. m-CPP monohydrochloride was purchased from Aldrich Chemical Company (Milwaukee, WI) and analyzed for purity with high-pressure liquid chromatography by the NIH Pharmaceutical Development Service. 
Results
The clinical features and response of each patient in the study are described in the case reports below. The HDRS ratings on all six patients are summarized in Table 1 .
Case 1 J.P. was a 60-year-old man, a retired mathematician, with a lO-year history of depression and poor functioning, with one suicide attempt several years previously. During the ~. years prior to admission, he had had chronic symptoms of anergy, middle and late insomnia, poor concentration, depersonalization, and derealization. He had also had periods of generalized anxiety ~d problems with impulse control. He had been treated with a variety of antidepressants and lithium, without relief of his symptoms, except for a partial, transient response to trazodene. The patient's medical and neurological examination at the NIMH showed mild cerebral atrophy on computed tomography (CT) scan and psychometric testing consistent with depression, and was otherwise unremarkable. After a period of evaluation, the patient entered our m-CPP protocol in which he underwent, under double-blind conditions, several 2-week periods of both m-CPP, at a dose of 20 1rig QID, and identical placebo capsules. During the first period, the patient received placebo, and remained behaviorally unchanged from the evaluation period, with ~y[~ptoms of dysphoria, anger, irritability and passive suicidal ideation. He then received m-CPP, and within 3 days became less irritable, depressed, and angry, both by subjective and objective evaluation. After 2 weeks, he was switched back to placebo and he soon returned to being anxious, hostile, and dysphoric. During a second m-CPP trial, the patient again had an improvement in all his symptoms. His only side effect during the active drug periods was very mild morning sedation, although this was so minimal that it did aot disrupt the blindedness of the drug administration. Vital signs and all laboratory studies remained normal throughout the course of the study. A graphical record of serial HDRS ratings during the placebo and m-CPP trials is shown in Figure 1 . At the end of the experimental protocol, Mr. P was treated with open-label buspirone, up to 35 mg/day. Although used primarily in the ~reatment of anxiety disorders, buspirone, also a serotonin agonist, may have some therapeutic efficacy in depression (Schweizer et al 1986; Robinson et al 1989) . Mr. P experienced a partial response to this treatment, on which he was discharged. As an outpatient, he again developed symptoms of dysphoria, anxiety, and hostility while on buspirone. He was switched to trazodone by his local psychiatrist in another state, ~nd failed to respond. That physician obtained a compassionate IND for m-CPP, and Mr. P. is reportedly doing well as an outpatient on m-CPP, 20 mg QID. Case 2 G.E. was a 52-year-old wic~ow admitted for symptoms of major depression, with sad mood, insomnia, feelings of hopelessness, anxiety (with panic attacks) and several suicide attempts by overdese. She had had almost chronic symptoms since her husband's death 4 years previously, and had been unresponsive to several antidepressants and electroconvulsive therapy (ECT). Her medical/neurological evaluation at the NIMH was entirely unremarkable. When admitted to our unit, Ms. E was taking imipramine, 75 mg at bedtime and alprazolam 0.25 mg TiD. She was withdrawn from this regimen, and had some increase in her already severe major depressive symptoms. After a 3-week drugfree and 2-week placebo period, she beg~La a trial of m-CPP, 20 mg QID, and, within several days, had a marked improvement in mood, energy, and sleep, and a decrease in anxiety and suicidal ideation; she had no side effects or laboratory changes during the trial. After 2 weeks, she was crossed back to placebo, whereupon she quickly became gly Su,,.,uo~. A ..... .,,o again effective increasin depressed and --:^:'~^' ~.L,,,u'~ ~.-w~ "~ ..... ""-:"',,a, of ,,,-,..,-r, ooi ..... in improving her depressive symptoms; during a second placebo period she again worsened considerably. Ms E's serial HDRS ratings are also shown in Figure I . A double-blind trial of trazodone, up to 400 mg/day, was unsuccessful; the patient was subsequently treated with ECT with a partial remission of symptoms.
Case 3 G.S. was a 60-year-old married woman with a 5-year history of depression and intermittent confusion. Her symptoms initially consisted of anxiety and hypochondriasis, but during the 2 years prior to admission, shc had developed short-term memory difficulties, problems getting lost, as well as sad mood, crying spells, and suicidal ideation. Lab° oratory studies were all normal, but a cranial CT scan showed diffuse atrophy and psychometric testing showed a pattern consistent with mild dementia. Ms. S was felt to be suffering from both major depression and primary degenerative dementia. She received a 2-week trial of m-CPP, 20 mg q.i.d., with a modest improvement in her mood and energy compared with placebo, although no improvement in cognitive function. There were no side effects or laboratory abnormalities. She became considerably more depressed when crossed back to placebo.
Case 4

Case 5
Case 6 H.B. was a 63-year-old widower with a 25-year history of recurrent major depression that had previously been responsive to ECT but was refractory to treatment in the 2 years after his wife died. His symptoms included insomnia, low energy, anhedonia, poor concentration, and suicidal ideation. After a placebo period, he received m-CPP, 20 mg QID, and had a mild improvement in his mood after 10 days of active drug treatment, during which he had no side effects or abnormal laboratory studies. This effect was not sustained after placebo substitution, and the patient was later treated successfully with tranylcypromine.
M.K. was a 65-year-old married woman with a 20-year history of re, current major depression that had become resistant to treatment with tdcyc!ic and monoamine oxidase (MAO) inhibitor antidepressants, as well as ECT in the 2 years prior to admission. She had severe sleep disturbance, crying spells, anhedonia, fatigue, and diurnal variation in mood. Ms. K showed no significant improvement in her symptoms while receiving m-CPP, 20 mg QID, and no side effects or abnormal laboratory studies. She did, however, experience a marked but transient increase in anxiety in the first 3 days after crossing back to placebo.
H.H. was a 75-year-old widow with a history of hypertension and glaucoma who developed persistent symptoms of major depression after her husband's death 2 years previously. She had failed to respond to tricyclic antidepressants and MAO inhibitors and had had a transient response to ECT. On admission she was withdrawn, had mildly depressed mood, anhedonia, and psychomotor retardation. She had no significant behavioral change while receiving placebo, m-CPP, 20 mg QID, or after withdrawal of active medication. There were no side effects or laboratory abnormalities during the course of treatment.
Discussion
This pilot study represents, to our knowledge, the first clinical trial of daily oral administration of the serotonin agonist m-chlorophenylpiperazine as a possible therapeutic agent in humans. The drug was safe and well tolerated at the maximum dose used of 80 mg/day. In our preliminary seres, t-,vo patients showed a clinically meaningful response to the drug, two patients had a modest clinical response, and two showed no clinical improvement. The relatively acute effects during active drug treatment as well as the rebound worsening observed after drug discontinuation are consistent with direct agonist stimulation of 5-HT receptors as a possible mechanism of action for the drug in this setting, as has been proposed for the action of the newer serotonergic anxiolytic agents such as 199o;28:588-594 buspirone (Young and Glennon 1988) . Of particular interest is the fact that the two patients showing the most marked response had clinical features that included aggressivity and suicidality, behaviors for which 5-HT dysfunction has been proposed (Asberg et al. 1987; Roy and Linnoila 1988) . This is clearly a preliminary study, and several factors limit the generalizability of the findings. Because of referral pattern,~ to the NIMH, our patients were atypical in having refractory illness. One patient had concurrent demen~ia~ which could have influenced her sensitivity to a serotonergic agonist (Lawlor et al. 1989b ). Our patients were also older, and this might influence clinical response, because changes in 5-HT functioning occur with normal aging (Morgan 1937; Lawlor et al. i989a ). In addition, our sample size is still quite small in this pilot study. Finally, the 2-week drug trial duration is certainly much shorter than any accepted antidepressant trial; we chose this as a practical minimum time over which we might reliably observe early behavioral change or toxicity. Despite these limitations, we feel this report is an important first step in examining the potential of m-CPP as a therapeutic agent. Further st~tdies are needed to confirm a true therapeutic effect of this agent, broaden the age range studied, identify potential depressive subtypes that might show a selective response (Van Praag et al. 1987) , and determine optimum dose and duration parameters in the use of m-CPP. Such studies may also lead to a greater understanding of the role of serotonin in depression and other neuropsychiatric disordecs.
